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Abstract

Floor hous�ng systems for lay�ng hens are be�ng re-estab-
l�shed �n Sweden. Compared to trad�t�onal cage systems, the 
a�r �n floor hous�ng systems may be more polluted w�th dust.

Invest�gat�ons about how d�fferent factors affect concen-
trat�on and generat�on of dust �n a floor hous�ng system 
for lay�ng hens have therefore been carr�ed out at JBT:s 
research stat�on Alnarp Södergård. A cl�mate chamber was 
equ�pped w�th a floor hous�ng system. How age of hens, 
storage t�me of manure, vent�lat�on rate and bedd�ng mate-
r�als affected concentrat�on and release of dust were �nves-
t�gated dur�ng two product�on cycles.

The concentrat�on and generat�on of dust as well as the 
eff�c�ency of d�fferent dust reduc�ng measures were �nves-
t�gated and analysed �n order to �mprove the understand�ng 
of how d�fferent factors �nfluence dust cond�t�ons �n these 
hous�ng systems.

Settl�ng of dust was a more �mportant mechan�sm �n the 
mass balance of dust than vent�lat�on rate wh�ch reduced 
the �nfluence of vent�lat�on rate as a dust reduc�ng mea-
sure. A major part of the generated dust settled on d�fferent 
surfaces �ns�de the bu�ld�ng.  The settl�ng rate of dust was 
affected by the concentrat�on of dust �n the a�r. The settled 
amount of dust also stood �n relat�on to the floor area of the 
stable. An �ncreased vent�lat�on rate had a l�m�ted effect on 
the concentrat�on of total dust due to the �mportance of the 
settl�ng of the dust. 

Dust release was also �nvest�gated when us�ng s�x d�ffer-
ent bedd�ng mater�als, namely; gravel, clay pellets, peat, 
wood shav�ngs, chopped straw and chopped paper. Clay 
pellets and peat resulted �n lowest concentrat�ons of dust.

Automat�c spray�ng of small droplets of water reduced 
the dust concentrat�on �n four tr�als w�th d�fferent bed-
d�ng mater�als (chopped paper, clay pellets, peat and wood 
shav�ngs).  

Spray�ng a m�xture of rape seed o�l �n water was also ef-
fect�ve w�th an automat�c spray�ng system. 

From our f�nd�ngs from the �nvest�gat�on we w�ll recom-
mend us�ng clay pellets as bedd�ng mater�al and us�ng a 
spr�nkler system spray�ng water droplets frequently �n 
floor hous�ng systems for lay�ng hens. 
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1 Introduction

Hartung J. (1998) states that poultry house a�r has much 
h�gher dust concentrat�ons than for other an�mals. Seedorf  
J. (2000) demonstrated that part�cle em�ss�on �n fowl keep-
�ng was 22 t�mes h�gher (3165 mg h-1 per l�vestock un�t) 
than for cattle keep�ng and four t�mes h�gher than for p�g 
keep�ng. 

Regard�ng lay�ng hens, floor hous�ng systems are be�ng 
re-establ�shed �n Sweden s�nce an�mal welfare leg�slat�on 
st�pulates that systems for lay�ng hens must �nclude lay-
�ng nests and perches and prov�de access to l�tter. Com-
pared to trad�t�onal cage systems, the a�r �n floor hous�ng 
systems may be more polluted w�th dust because of h�gh 
act�v�ty and more bedd�ng mater�al (Gustafsson G. et al. 
1990, Hauser R. H. 1990, Lyngtve�t T. 1992, Drost H. et al. 
1992, 1993, Groot Koerkamp P. et al. 1993). The hyg�en�c 
threshold l�m�t value for dust for occupat�onal safety and 
health (Swed�sh Nat�onal Board of Occupat�onal Safety 
and Health, 2000) of 5 mg m-3 �s often exceeded dur�ng 
work operat�ons �n floor hous�ng systems for lay�ng hens. 
Whyte R. T. et al. (1993) reported that the average �nsp�r-
able fract�on breathed by poultry stockmen ranged from 
2.1 to 28.5 mg m-3 for a complete work�ng day.

In �nvest�gat�ons about concentrat�ons and em�ss�ons of 
a�rborne dust �n Northern Europe (Taka� H. et al. 1998) 
was �t concluded that both �nhalable and resp�rable dust 
concentrat�ons were h�gher �n percher�es than �n houses for 
caged layers. Ellen H. H. et al. (2000) reported that dust 
concentrat�ons �n perchery and av�ary hous�ng systems of-
ten were four to f�ve t�mes h�gher than �n cage systems. 
Factors affect�ng dust concentrat�ons are an�mal category, 
act�v�ty, bedd�ng mater�als and season. 

Whyte R. T. (2002) reported that average �nhalable dust 
exposure by poultry stockmen for a complete work�ng 
day �n free range systems was 10.8 mg m-3 compared to  
4.8 mg m-3 �n cage systems.

Guar�no M. et al. (1999) found that dust concentrat�on 
�n an enclosed lay�ng house was s�gn�f�cantly h�gher dur-
�ng per�ods w�th feed d�str�but�on and scraper clean�ng than 
dur�ng the n�ght.

Donham K. et al. (1999) reported a threshold concentra-
t�on of 2.4 mg m-3 for human health �ns�de poultry bu�ld-
�ngs.

In order to study the generat�on and concentrat�ons of dust 
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and the�r correlat�on to other factors a small scale poultry 
house (cl�mate chamber) was equ�pped w�th a floor hous-
�ng system. Between 333 and 392 hens were kept �n the 
system dur�ng the �nvest�gat�ons.

The object�ve of the �nvest�gat�ons was to evaluate the 
�nfluence of follow�ng factors on dust concentrat�on and 
generat�on:

* Age of hens
* Storage of manure
* Vent�lat�on rate
* Bedd�ng mater�als
* Fogg�ng water droplets
* Spray�ng a rape seed o�l m�xture 

2 Mass balance of dust

The mean generat�on of dust can be descr�bed as:

p = q (Co - C�) + S A     (1)

where: p �s the product�on of dust �n mg h-1 ; 
Co  and C�  are the total dust concentrat�ons �n a�r outlets and 
�nlets �n mg m-3 ; 
S �s the settl�ng rate of dust on floor surfaces �n mg m-2h-1; 
and A �s the area of the floor �n m2.

3 Materials and methods

How age of hens, storage t�me of manure, vent�lat�on 
rate, bedd�ng mater�als and spray�ng water droplets or an 
rape seed o�l m�xture affected generat�on and concentrat�on 
of dust were �nvest�gated dur�ng two product�on cycles at 
JBT:s research stat�on Alnarp Södergård.

3.1 Hous�ng system

The �nvest�gat�ons were carr�ed out �n a cl�mate chamber 
equ�pped w�th a floor hous�ng system, f�gure 1. The cham-
ber was surrounded by a temperature controlled a�r space 
where the a�r temperature and supply a�r temperature to the 
chamber were var�ed between 0 and 16 º C. 

The hous�ng system conta�ned a bedd�ng area, a manure 
b�n area w�th manure conveyors below a dra�n�ng floor and 
lay�ng nests wh�ch were placed close to one of the walls. 
The bedd�ng area was 1.5 m w�de where s�x d�fferent bed-
d�ng mater�als were �nvest�gated success�vely, namely; 
gravel, clay pellets, peat, wood shav�ngs, chopped straw 
and chopped paper. The rest part of the floor wh�ch was 
3.0 m w�de was elevated to a he�ght of 0.6 m and equ�pped 
w�th a dra�n�ng floor. 
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F�gure 1: 
The cl�mate chamber equ�pped w�th a floor hous�ng system

3.2 Vent�lat�on and cl�mate control

Mechan�cal vent�lat�on was prov�ded by a negat�ve pres-
sure system. A�r �nlets �n the ce�l�ng prov�ded the chamber 
w�th supply a�r from the cl�mate controlled area surround-
�ng the chamber. In these stud�es an exhaust fan removed 
a�r at floor level close to the manure conveyors v�a a sl�t �n 
a duct below the lay�ng nests.

The temperature �ns�de the chamber was kept at a con-
stant level of 20 to 21 °C dur�ng each tr�al. The vent�lat�on 
rate could thereby also be kept constant. The constant a�r 
temperature was ma�nta�ned by controll�ng the amount of 
extra heat from heat p�pes �n the chamber. 

The vent�lat�on rate was manually regulated w�th a damp-
er �n an exhaust a�r duct. 

3.3 Measurements

The vent�lat�on rate was calculated from a�r veloc�t�es 
measured two t�mes per tr�al �n 5 pos�t�ons of the cross sec-
t�on of the exhaust a�r duct (φ 400 mm) by us�ng a hot w�re 
anemometer (GGA- 65P, Alnor Instrument CO, Skok�e,  
Ill�no�s, USA). 

The eff�c�enc�es of d�fferent treatments were determ�ned 
by grav�metr�c measurements of sampled dust masses on 
37 mm d�ameter dust f�lters (M�ll�pore w�th an a�r flow 
rate of 1.9 l/m�n) �n SKC cassettes located �n the m�ddle 
of the barn at 1.7 m he�ght above the floor (breath�ng zone 
of humans) but also �n the exhaust a�r. Each sampl�ng pe-
r�od was 3 - 4 days. Sampl�ng  was done 15 m�nutes each 
hour controlled by a t�mer. Settled dust, wh�ch was sam-
pled on f�ve 0.230 m2 settl�ng plates located at a he�ght of 
2.0 m (he�ght was chosen so that they could not be moved 
dur�ng work operat�ons) was also grav�metr�cally deter-
m�ned. Each measurement was carr�ed out over a per�od of  
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3 - 4 days �n order to collect enough dust on the settl�ng 
plates. D�fferent treatments were compared to reference 
values measured before and after the treatments.

The generat�on of dust was determ�ned accord�ng to 
equat�on 1.

3.4 Analyses

D�fferent measures to reduce the generat�on and concen-
trat�on of dust was analysed by us�ng the follow�ng prop-
ert�es �n the mass balance �n equat�on 1: averages of total  
dust concentrat�ons Co measured �n the exhaust a�r; average 
of settl�ng rate of dust on settl�ng plates S; generat�on of 
dust p as def�ned by equat�on 1;. Concentrat�on �n �nlet a�r, 
C�, was assumed neglectable compared to Co.

3.5 Invest�gat�ons

The �nfluence of age of the hens on release of dust was 
�nvest�gated dur�ng two product�on cycles.

The �nfluence of �ncreas�ng storage t�me of manure �n the 
bedd�ng area was �nvest�gated dur�ng per�ods w�th da�ly 
manure removal from the conveyors. 

The �nfluence of vent�lat�on rate was determ�ned at con-
stant a�r temperature (20 to 21 ºC) at vary�ng vent�lat�on 
rates. 

S�x d�fferent bedd�ng mater�als were �nvest�gated name-
ly; gravel, clay pellets, peat, wood shav�ngs, chopped 
straw and chopped paper at vent�lat�on rates �n the range of  
1.04 – 1.13 m3 hen-1 h-1.

How d�fferent amounts of water wh�ch was fogged �nflu-
enced dust concentrat�on was �nvest�gated us�ng four d�f-
ferent bedd�ng mater�als (chopped paper, clay pellets, peat 
and wood shav�ngs). Full cone nozzles (Fulljet 5LVS) were 
used. The equ�pment for controll�ng the spray�ng t�me �s 
presented �n f�gure 2. 

Aut Off

Time relay Timer

Hygrostate

Water Pump Reducer valve Nozzle

F�gure 2. 
Equ�pment for control of spray�ng t�me and �ntervals for the spray�ng 
nozzle

Spray�ng was done tw�ce per hour dur�ng the l�ght per�od 
4.30 a.m. – 5.30 p.m.. D�fferent amounts of water were �n-
vest�gated by vary�ng the spray�ng t�me w�th a t�me relay. 

The effect on dust concentrat�on by fogg�ng water droplets 
was compared w�th reference per�ods w�thout any fogg�ng.

The effect of spray�ng d�fferent amounts of a m�xture of 
10% rapeseed o�l �n water on dust concentrat�on was also 
�nvest�gated. The m�xture was suppl�ed once per day w�th 
the same equ�pment as for water droplets.

4 Results and discussion

4.1 Age of hens

It could not be proved that the age of the hens had any 
�nfluence on the generat�on of dust.

Obv�ously the dependence of age �n th�s type of hous-
�ng system for layers d�ffers w�th the generat�on of bro�l-
ers were �t has been reported that the generat�on of dust 
�ncreases w�th age and we�ght of ch�ckens (Gustafsson G. 
et al. 1990). An explanat�on may be that the we�ght of the 
hens �s relat�vely constant dur�ng the product�on per�od.

4.2 Storage of manure

The storage t�me of manure �n the bedd�ng had no s�gn�f�-
cant �nfluence on the generat�on of dust. Accumulat�on of 
manure �n the bedd�ng seems therefore not to be the major 
source for the generat�on of dust.

4.3 Vent�lat�on rate 

The vent�lat�on rate had a l�m�ted d�lut�ng effect on dust 
concentrat�on, f�gure 3. 
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F�gure 3: 
Total dust concentrat�ons at d�fferent vent�lat�on rates �n a tr�al w�th gravel 
as bedd�ng mater�al

Even �f dust concentrat�on decreased at �ncreas�ng vent�-
lat�on rate, �t was not an �deal d�lut�on depend�ng on ven-
t�lat�on rate. The var�at�ons �n dust concentrat�ons were 
large wh�ch �nd�cates that there were other factors as act�v-
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�ty �n the bu�ld�ng env�ronment wh�ch were more �mpor-
tant for the dust concentrat�on than vent�lat�on rate. The 
vent�lat�on rate d�d not e�ther have any s�gn�f�cant �nflu-
ence on the generat�on of dust. The average dust genera-
t�on was 27.9 mg hen-1 h-1 when the vent�lat�on rate was 
�n the range of 0.9 – 3.4 m3 hen-1 h-1. The �nvest�gat�ons 
showed that �t was a l�m�ted amount of the dust gener-
ated wh�ch was exhausted w�th the vent�lat�on a�r, f�gure 
4. The reason was that the major part of the dust pro-
duced settled on d�fferent surfaces. Th�s result �s �n accor-
dance w�th results earl�er reported for sw�ne and ch�ckens  
(N�lsson C. et al. 1987, Gustafsson G. et al. 1990). 
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F�gure 4
Rat�o of exhausted dust at d�fferent vent�lat�on rates �n a tr�al w�th gravel 
as bedd�ng mater�al

4.4 Settl�ng of dust

The settl�ng rate of dust, S, was also analysed as funct�on 
of the dust concentrat�on �n the a�r, see f�gure 5. The sett-
l�ng rate �ncreased w�th �ncreas�ng concentrat�on.
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F�gure 5:
Settl�ng rate of dust as funct�on of dust concentrat�on when gravel was 
bedd�ng mater�al

4.5 Bedd�ng mater�als

Total dust concentrat�ons w�th d�fferent bedd�ng mater�-
als are presented �n table 1 when the vent�lat�on rates were 
�n the range of 1.04 – 1.13 m3 hen-1 h-1. 

The level of concentrat�on of dust was about the same for 
the bedd�ng mater�als wood shav�ngs, clay pellets, peat and 
chopped straw. Espec�ally gravel resulted �n h�gher con-
centrat�ons, however, not stat�st�cally d�fferent.

Regard�ng the generat�on of dust was the p�cture about 
the same as for concentrat�on of dust except for peat and 
chopped paper as bedd�ng mater�als, table 2. The h�gh dust 
product�on w�th peat depended on a h�gh settl�ng rate.

Table 1:
Total dust concentrat�on (mg m-3) w�th d�fferent bedd�ng mater�als. Vent�-
lat�on rate �n the range of 1.04 – 1.13 m3 hen-1 h-1

Bedd�ng: Average 
mg m-3

M�n�mum
mg m-3

Max�mum
mg m-3

Gravel 4.7 4.0 5.5

Wood shav�ngs 2.3 2.1 2.4

Clay pellets 1.8 1.7 1.9

Peat 1.7 1.2 2.3

Chopped straw 2.1 1.8 2.3

Chopped paper 2.6 2.2 2.9

Table 2:
Total dust product�on (mg hen-1 h-1) w�th d�fferent bedd�ng mater�als. Ven-
t�lat�on rate �n the range of 1.04 – 1.13 m3 hen-1 h-1

Bedd�ng: Average
mg hen-1 h-1

M�n�mum
mg hen-1 h-1

Max�mum
mg hen-1 h-1

Gravel 27.4 26.6 28.3

Wood shav�ngs 11.4 10.4 12.4

Clay pellets 8.5 7.6 9.8

Peat 21.7 12.1 35.3

Chopped straw 16.8 15.7 17.8

Chopped paper 22.7 18.5 25.5

4.6 Fogg�ng water droplets

How d�fferent amounts of water wh�ch was fogged �n-
fluenced dust concentrat�on was �nvest�gated us�ng four 
d�fferent bedd�ng mater�als. The effect of fogg�ng was 
analysed as relat�ve values compared to the levels w�thout 
any fogg�ng. Fogg�ng resulted �n a cons�derable reduct�on 
of dust concentrat�on �n all tr�als. The reduct�on �n dust 
concentrat�on was �mproved when the amount of water �n-
creased, wh�ch �s exempl�f�ed �n f�gure 6.

Fogg�ng water droplets �s obv�ously an effect�ve way of 
reduc�ng dust concentrat�on �n th�s type of hous�ng system. 
Von Wachenfelt E. (1999) has earl�er reported up to 65% 
reduct�on by fogg�ng water droplets �n an av�ary system for 
lay�ng hens.
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F�gure 6:
Relat�ve dust concentrat�on (1.0 �s reference level) at d�fferent amounts of 
water sprayed. Wood shav�ngs was bedd�ng mater�al

4.7 Spray�ng a rape seed o�l m�xture

The effect of shower�ng a m�xture of 10 % rape seed o�l 
�n water on dust concentrat�on was also �nvest�gated, f�g-
ure 7. The m�xture was showered w�th full cone nozzles 
located above the dra�n�ng floor. Shower�ng the o�l m�xture 
reduced the dust concentrat�on w�th 30 to 50 %. The o�l 
m�xture had effect at as low amounts as 0.003 l m-2 day-1. 
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F�gure 7:
Relat�ve total dust concentrat�on (1.0 �s reference level) at d�fferent 
amounts of a sprayed o�l m�xture

5 Conclusions

The follow�ng conclus�ons can be drawn from the �nves-
t�gat�ons:

There were no �deal d�lut�ng effect of vent�lat�on rate on 
dust concentrat�on.
A major part of the produced dust settled on d�fferent 
surfaces.
Spray�ng water droplets or an o�l m�xture reduced dust 
concentrat�on.
The feather cond�t�ons were very good when water  
droplets or an o�l m�xture were sprayed.
Bedd�ng of clay pellets or peat generated the lowest 
concentrat�ons.

•

•

•

•

•

Gravel as bedd�ng mater�al generated the h�ghest con-
centrat�ons.

From our f�nd�ngs from the �nvest�gat�ons we w�ll rec-
ommend us�ng clay pellets as bedd�ng mater�al and us�ng 
a spr�nkler system spray�ng water droplets frequently �n 
floor hous�ng systems for lay�ng hens.
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